Prevalence of multiple sclerosis in the Lazio region, Italy: use of an algorithm based on health information systems by unknown
ORIGINAL COMMUNICATION
Prevalence of multiple sclerosis in the Lazio region, Italy: use
of an algorithm based on health information systems
Anna Maria Bargagli1 • Paola Colais1 • Nera Agabiti1 • Flavia Mayer1 •
Fabio Buttari2,3 • Diego Centonze2,3 • Marta Di Folco4 • Graziella Filippini5 •
Ada Francia4 • Simonetta Galgani6 • Claudio Gasperini6 • Manuela Giuliani7 •
Massimiliano Mirabella8 • Viviana Nociti8,9 • Carlo Pozzilli7 • Marina Davoli1
Received: 16 November 2015 / Revised: 22 January 2016 / Accepted: 22 January 2016 / Published online: 17 February 2016
 The Author(s) 2016. This article is published with open access at Springerlink.com
Abstract Compared with other areas of the country, very
limited data are available on multiple sclerosis (MS)
prevalence in Central Italy. We aimed to estimate MS
prevalence in the Lazio region and its geographical distri-
bution using regional health information systems (HIS). To
identify MS cases we used data from drug prescription,
hospital discharge and ticket exemption registries. Crude,
age- and gender-specific prevalence estimates on December
31, 2011 were calculated. To compare MS prevalence
between different areas within the region, we calculated age-
and gender-adjusted prevalence and prevalence ratios using
a multivariate Poisson regression model. Crude prevalence
rate was 130.5/100,000 (95 % CI 127.5–133.5): 89.7/
100,000 for males and 167.9/100,000 for females. The
overall prevalence rate standardized to the European Stan-
dard Population was 119.6/100,000 (95 % CI 116.8–122.4).
We observed significant differences in MS prevalence
within the region, with estimates ranging from 96.3 (95 %
CI 86.4–107.3) for Latina to 169.6 (95 % CI 147.6–194.9)
for Rieti. Most districts close to the coast showed lower
prevalence estimates compared to those situated in the
eastern mountainous area of the region. In conclusion, this
study produced a MS prevalence estimate at regional level
using population-based health administrative databases. Our
results showed the Lazio region is a high-risk area for MS,
although with an uneven geographical distribution. While
some limitations must be considered including possible
prevalence underestimation, HIS represent a valuable source
of information to measure the burden of SM, useful for
epidemiological surveillance and healthcare planning.
Keywords Multiple sclerosis  Prevalence 
Epidemiology  Health information systems  Health
administrative data
Introduction
Multiple sclerosis (MS) is the most common disabling
neurological disorder of young adults around the world. It
is typically diagnosed between the ages of 20 and 40, thus
affecting individuals in their most productive years. The
management of MS is complex and involves a compre-
hensive team as well as specific diagnostic, therapeutic and
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rehabilitative services representing a considerable burden
for both patients and healthcare systems [1].
Italy is considered a high prevalence country for MS with
about 70,000 people affected and an estimated prevalence of
approximately 110 per 100,000 population [2, 3]. A number
of studies have been conducted in different Italian cities and
provinces, mainly based on data of patients recruited in
neurological/rehabilitation clinics or MS centers, showing an
uneven distribution of MS within the country [4]. It is well
known that Sardinia and Sicily (the two largest Italian
islands) represent very high-risk areas [5, 6] although a
prevalence higher than 100/100,000 has been estimated in
some North Italian cities such as Verona, Padova, Ferrara
and Genoa [7–10]. While the Northern part of the country as
well as Sardinia and Sicily have been particularly well
studied, relatively limited epidemiological data are available
for Central and Southern regions [11–15]. Moreover, most
studies have been carried out at municipal/provincial level
while to date prevalence estimates at larger geographic areas
(i.e. region) are not common in Italy.
The availability of MS prevalence estimates is consid-
ered a valuable information to assess resource utilization
and costs associated with the disease as well as for health
care planning and monitoring purposes; furthermore,
comparing prevalence estimates across different geo-
graphical areas can help to understand the contribution of
genetic and environmental factors in MS etiology [16].
Different methodological approaches and data sources
are used for estimating the prevalence of MS, including
case ascertainment from hospitals and clinic records, neu-
rologists, general practitioners (GP) and other physicians,
disease registries, and health administrative databases. In
recent years, there has been a growing interest in devel-
oping methods based on health administrative databases to
estimate MS prevalence and different algorithms have been
proposed depending on data sources available [17–21].
The Lazio Region is part of the Italian National Health
System (NHS) which provides universal health insurance
for its residents, including coverage for GP service, hos-
pital services and drug prescriptions. In the Lazio region
health information systems (HIS) are comprehensive and
contain high-quality information; consequently, health
administrative data are largely used to measure the
occurrence of acute and chronic diseases [22, 23].
The principal aims of this study were to estimate the
prevalence of MS in the Lazio region using population-
based health administrative databases and to describe the
geographical distribution of MS across Local Health Units
(LHUs) and districts within the region. Additionally, we
evaluated the validity of the case-finding algorithm based
on administrative data using a cohort of patients with




The Lazio region is situated in the central part of Italy; on
the west side, it faces for its entire length on the Tyrrhenian
Sea and is characterized in the eastern part by a moun-
tainous territory shared with other three regions. Lazio is
the third most populated region of Italy and comprises
Rome, capital and largest Italian city. The region covers an
area of 17,236 km2 and includes five provinces and 378
municipalities (among these is Rome). The population on
the prevalence day, December 31, 2011, was 5,500,022
inhabitants (2,635,689 males and 2,864,333 females) [24].
Lazio is divided into 12 LHUs representing autonomous
bodies of the NHS and a total of 56 health districts nested
within them. LHUs are responsible for healthcare organi-
zation in specific and homogenous geographical areas in




Data from different regional HIS were used to identify
people affected by multiple sclerosis. The Hospital Dis-
charge Registry (HDR) routinely collects data from all
regional hospitals, including information on patients’
demographic characteristics, discharge diagnoses and pro-
cedures codes according to the International Classification
of Disease, Ninth Revision, Clinical Modification (ICD-9-
CM). The PHARMED database contains individual records
for each drug prescription dispensed by hospital at dis-
charge and by specialist outpatient clinics. Drugs are
identified by the national drug register code, which refers
to the International Anatomical Therapeutic Chemical
Classification System. Individual patient information and
drug-dispensing dates are reported for every prescription.
In Italy, Disease Modifying Drugs are subsidised by the
National Health Service and prescribed, according to the
Italian Medicines Agency regulation, to patients attending
outpatient clinics in MS specialist centers. The Regional
Mortality Registry (ReNCaM) lists causes of death, codi-
fied according to the ICD-9, for all resident deaths in the
region. The Ticket Exemption Registry (TER) includes
data on all residents who are entitled to co-pay fee
exemption for some particular conditions, e.g. disability,
chronic diseases, low income or old age. As for fee
exemption for chronic disease, in Italy very strict rules are
in effect within the NHS, entailing patient’s obligation to
provide an exhaustive clinical documentation, including
752 J Neurol (2016) 263:751–759
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definite diagnosis provided by a specialized physician.
Finally, the Regional Health Assistance File comprises all
resident individuals registered with the Regional Health
Service.
Clinical data
We used a cohort of MS patients recruited from five spe-
cialized high-volume centers to evaluate the validity of the
algorithm based on health administrative data. Socio-de-
mographic and clinical data of patients residing in the
Lazio region entering the centers in the period 2006–2011
were extracted from medical charts according to a common
protocol and entered through a customized software.
Case ascertainment
We used the HDR, the PHARMED and the TER to identify
MS cases in the period from 01/01/2006 to 31/12/2011.
From the HDR we selected all patients who were hospi-
talized in the Lazio Region with a primary or a secondary
diagnosis of MS (ICD9-CM: 340.0); from the PHARMED
we selected all patients with at least one pharmacy claim in
the study period for at least one among Interferon beta-1a
(Avonex, Rebif), Interferon beta-1b (Betaferon, Extavia),
Copaxone (Glatiramer Acetate) and Tysabri (Natal-
izumab); finally, from the TER we selected all patients
registered with the MS specific code (046.340). Each
patient was selected at the date of the first claim recorded
in the regional information systems. All residents of Lazio
region served by the public health service are uniquely
assigned a personal identification number recorded in all
the regional healthcare databases. This individual identifier
provides the key to link different databases and allows the
identification of individuals and avoid double counting. We
excluded from the analysis patients who died during the
study period identified through a record linkage with the
ReNCaM and patients not residing and not registered on
the prevalence day with the Lazio Region Health Service,
traced using the Health Assistance File.
Statistical analysis
Prevalence
The prevalence day was December 31, 2011. Age- and
gender-specific prevalence rates per 100,000 were calcu-
lated using the number of MS patients that were alive on
the prevalence day as numerator and the population of
residents in the Lazio region the same day as denominator.
Standardized prevalence rates were also calculated by the
direct method separately for males and females using the
European Standard Population for reference.
To explore the geographic pattern of MS prevalence
within the region, standardized prevalence ratios were
calculated for each of the 12 LHUs and 56 districts. To
remove the possible bias effect due to different age and
gender structures for different geographic areas, age and
gender-standardized prevalence rates with 95 % confidence
intervals (CI) were calculated by the direct method. We
used a multivariate Poisson regression with no intercept
and centered covariates, in which in addition to gender and
age, were included n dummy variables that represent the
areas being compared. The parameters estimated by the
model were used to calculate the expected rates if all the
considered areas had the same distribution of the general
population by age and gender. The expected rate obtained
for each areas were subsequently corrected by a multi-
plicative factor k which takes into account the non linear
nature of the model applied.




where pj is the expected rate, nj is the group size, and m is
the number of groups.
Prevalence ratios (PR) were estimated to assess the
excess risk in each LHU and district compared with the
regional estimate. Patients’ residential addresses were used
to analyze MS geographic distribution within the region.
All statistical analyses were conducted using SAS, version
9.2.
Furthermore, maps of standardized prevalence rates
were produced to compare the prevalence of MS in each
LHU and district (ArcGIS 9.2 software). The classes used
in the maps have been calculated applying the Jenks natural
breaks optimization algorithm, which reduces the variance
within classes and maximizes the variance between classes
[25].
Validity of the case ascertainment algorithm
Data of MS patients recruited at the treatment centers were
linked to prevalent cases on December 31, 2011 identified
through HIS. Considering clinical data as the gold stan-
dard, we calculated the proportion of individuals correctly
identified as MS cases.
Results
Prevalence
Through the regional HIS we identified a total of 7377 MS
patients residing in the Lazio region on the prevalence day,
2427 males and 4950 females (Fig. 1). Figure 2 shows the
contribution of different data sources to the identification
J Neurol (2016) 263:751–759 753
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of MS cases: 1150 (15.6 %) patients were present exclu-
sively in the HDR, and among these 329 (28.6 %) had
more than one hospitalization during the study period;
1034 (14.0 %) were found in the TER only and 766
(10.4 %) in the PHARMED (599, 78.2 %, with more than
one prescription claim in the study period). Finally, about
27 % of cases was registered in all the databases.
At prevalence day, mean age was 45.9 years (SD 12.9)
without differences between genders. The crude regional
prevalence was 130.5/100,000 (89.7/100,000 for males and
167.9/100,000 for females) with a male to female ratio of
1:1.9. Prevalence estimate standardized to the European
Standard Population was 119.6/100,000 (95 % CI
116.8–122.4), 81.4/100,000 and 155.5/100,000 for males
and females, respectively.
Age- and gender-specific prevalence estimates are
reported in Table 1. The prevalence peaked in the age
groups 35–44 and 45–54 for both males and females.
Table 2 shows crude and standardized prevalence and
prevalence ratios by LHU. The standardized prevalence
ranged from 96.3 (95 % CI 86.4–107.3) for Latina to 169.6
(95 % CI 147.6–194.9) for Rieti with statistically signifi-
cant variations among LHUs.
Compared with the regional average, MS prevalence
was significantly higher in Rieti (PR = 1.30) and to less
extent in two LHUs within Rome (RM B and RM C,
PR = 1.13) while lower prevalence was observed in Latina
(PR = 0.74), Viterbo (PR = 0.86) and one LHU in the
province of Rome (RM H, PR = 0.84). Distribution of MS
showed a large variation between districts even within the
same LHU (Fig. 3). Most of districts located in the eastern
part of the region had relatively high prevalence, in par-
ticular within the LHU of Rieti, RM G and Frosinone, with
estimates included between 141/100,000 (95 % CI
115.4–172.3) and 192/100,000 (95 % CI 160.9–229.1). On
the contrary, in the coastal area of the region low preva-
lence estimates were observed, in particular in the LHU of
Latina where prevalence ranged between 70/100,000
(95 % CI 50.6–97.0) and 96/100,000 (95 % CI
78.2–118.1).
Validity of the case ascertainment algorithm
Among 3881 patients enrolled at the specialist centers
during the study period, 3297 (85 %) were included in the
population of cases identified through regional HIS.
Among those not found (N = 584), there were 171 cases
for which the personal individual number identifying each
subject receiving services within the Regional Health
Service, was not available. The remaining 413 patients,
although having the unique identification code, were not
captured by our algorithm.
Discussion
This study contributes to the knowledge on the epidemi-
ology of MS in Southern Europe. In particular, it provides
new insights on MS prevalence in Central Italy, an area
that has been considerably less studied than Sicily and
Sardinia and the Northern part of the country. We used
health information systems to produce a prevalence esti-
mate of MS at the regional level and to describe its geo-
graphic distribution across different areas within the
region. The large population enabled us to provide a robust
estimate of MS prevalence which ranks Lazio between the
areas at high risk in Italy, although with an uneven distri-
bution across LHUs and districts.
A huge number of studies assessed MS prevalence in
European countries, revealing spatial heterogeneity in the
distribution of disease [2, 26]. Italy has been particularly
People not residing in the Lazio region or not registered with 
the Regional Health Service on December 31, 2011
N= 2591          
N = 7377
Total cases identified through HDR, PHARMED, and TER
N= 10,317
Deaths between January 1, 2006 and December 31, 2011
 N= 349
N = 9968






















Fig. 2 Contribution of regional health information systems to MS
cases identification
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well studied, although most of studies were carried out in
the Northern areas of the country and in the two largest
islands. Considering prevalence estimates from 2000
onwards, they ranged from 94/100,000 to 149/100,000 in
the North [27, 28], and from 127/100,000 to 224/100,000 in
the islands [6, 29]. Moreover, some studies revealed an
heterogeneous distribution of the disease even within small
areas [5, 27], calling for specific analytical studies to detect
possible MS risk factors.
So far only few data were available on MS prevalence in
Central Italy coming from studies conducted in the district
of L’Aquila and in some areas of the Lazio region [11–13].
In a 2007 prevalence study conducted in the province of
Frosinone the overall crude prevalence was 95.0 per
100,000 (94.4 when standardized on the European popu-
lation) [12]. Applying capture–recapture techniques a
period prevalence of 41.3/100,000 was estimated in the city
of Rome between 1980 and 1990 [13]. Both in Frosinone
Table 2 Crude and
standardized prevalence and
prevalence ratios (PR) by Local
Health Unit per 100,000
population, Lazio region, Italy
Local health unit Cases Crude prevalence Standardized prevalence 95 % CI PR p value
RM A 742 137.3 134.0 121.4–147.9 1.03 0.604
RM B 1008 147.5 147.5 134.6–161.6 1.13 0.009
RM C 783 147.4 147.6 133.9–162.6 1.13 0.013
RM D 714 129.2 129.5 117.3–143.1 0.99 0.885
RM E 704 140.7 140.8 127.4–155.6 1.08 0.136
RM F 349 114.1 112.9 99.7–127.9 0.87 0.023
RM G 658 136.9 136.8 123.6–151.5 1.05 0.363
RM H 599 110.5 110.0 99.1–122.1 0.84 0.001
Viterbo 345 111.0 112.1 98.9–127.1 0.86 0.017
Rieti 260 165.5 169.6 147.6–194.9 1.30 0.000
Latina 533 95.9 96.3 86.4–107.3 0.74 0.000
Frosinone 682 138.3 140.5 127.0–155.4 1.08 0.151
Lazio region 7377 130.50
Fig. 3 Age- and gender-adjusted MS prevalence rates, per 100,000 population by district in the Lazio region, Italy
756 J Neurol (2016) 263:751–759
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and Rome we observed higher prevalence estimates than
those previously reported. Although comparing results
across studies presents a number of challenges, this finding
is consistent with results of several studies showing a
progressive increase in MS prevalence in different Italian
cities and provinces [8, 28] as well in other countries [30].
Different methods for calculating MS prevalence based
on health administrative data have been recently developed
[17–21] demonstrating the growing interest in the use of
HIS as a source of information to estimate and monitor the
burden of the disease. Administrative databases are similar
among studies although algorithms may vary according to
different context or specific objectives [19].
Given the good quality and completeness of health
administrative databases in the Lazio region, they have
been increasingly used to estimate the prevalence of
chronic diseases and to measure the performance of health
care organizations and the quality of services offered [22,
23, 31]. To identify cases of MS we used hospital discharge
diagnoses, prescriptions of medications used exclusively
for the treatment of MS and disease-specific ticket
exemption code. The recently proposed algorithms for
identifying MS cases from administrative databases mainly
rely on drug prescriptions, in particular in those countries,
like Italy, with a universal health coverage [20, 21]. Con-
sidering the high cost of drugs for the treatment of MS, the
self-funding of these medications is likely to be negligible.
It is known that some patients with MS do not take drugs or
use drugs other than those included in the algorithm and
therefore they cannot be captured through medication
claims. The use of both hospital discharge and exemption
registries allowed us to recover part of this untreated or
differently treated population. In fact, although there are
large overlaps between the populations registered in the
three databases, each source of data provides a specific and
unique contribution to the identification of MS cases. It is
clear that the algorithm based on administrative records
only allows to identify patients who have contacts with the
Regional Health Service that, considering the characteris-
tics of the disease and its chronic nature, is supposed to be
a very likely event. Nonetheless, the overall prevalence of
MS may be underestimated by the approach we used. As
part of this study, data from medical charts of patients
entering five MS centers in the period 2006–2011 were
collected. By record linkage procedures, we estimated that
85 % of patients attending the centers were included in the
population identified by the algorithm based on health
administrative data. While this figure is not far from sen-
sitivity estimates observed in validation studies in other
settings [22], it is likely that patients in the first steps of the
disease with a clinical examination in an ambulatory spe-
cialist setting and/or untreated are not detected through our
methodology. Another reason for the lack of complete
identification of clinical records in our administrative
datasets may be in the low quality in reported personal
demographic data in the medical charts with consequent
failed record linkage procedures. On the other hand, the
population of MS patients identified showed a male to
female ratio and an age distribution consistent with those
reported by other studies carried out both in Italy and
elsewhere supporting the reliability of our results [5, 6, 9,
11].
The study also showed an uneven geographical distri-
bution, with a gradient in prevalence decreasing from the
eastern mountainous part of the region to the western areas
closer to the coast. This is in line with other studies con-
ducted at different latitudes, showing lower MS incidence
in the coastal area compared to the inland area [32, 33].
Diet and lifestyle factors have been hypothesized to mod-
ulate the risk of MS across regions at the similar latitude.
Lifestyles of people in coastal areas, generally involving
more time outdoors, match evidence showing that exposure
to sunlight is associated with a lower risk of developing
MS [34–36]. As sun exposure is the determining factor for
vitamin D status in most populations, it has been suggested
that sun exposure to some extent mediates its effect on MS
risk through vitamin D [37].
This study has both strengths and limitations. The
standardized methodology and the contribution of medical
records in validating the case identification algorithm are
the main strengths of the study. Our procedure based on
population-based administrative data has different advan-
tages: it is time efficient, allows to easily provide updated
MS estimates, and enables to avoid problems related to
small sample size. We chose to ascertain an MS case from
at least one claim in one of the three administrative data-
bases due to MS clinical practices and the reliable coding
process utilized within the Lazio region.
The major limitation is the probable underestimation of
MS prevalence. Although the use of a combination of
multiple sources of data (hospital discharge, ticket
exemption, and prescription registries) contributes to pro-
duce more reliable estimates, only cases diagnosed and
recorded in administrative databases could be captured by
the algorithm. The availability of a cohort of patients with
definite diagnosis of MS allowed us to calculate the pro-
portion of cases not identified through HIS and therefore to
estimate the extent of the actual population prevalence
underestimation. Secondly, the use of administrative data
instead of clinical information to identify the population
affected by MS limits its use for more analytical purposes.
In conclusion, this study produced an estimate of MS
prevalence in the Lazio region using population-based
health administrative databases and described the geo-
graphical distribution of MS within the region. Although
some limitations must be considered including possible
J Neurol (2016) 263:751–759 757
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prevalence underestimation, administrative databases rep-
resent an attractive source of information to measure the
burden of MS allowing for periodic updates of prevalence
estimates, useful for monitoring prevalence trends at pop-
ulation level and to ensure appropriate healthcare resources
allocation. Moreover, considering that we used adminis-
trative databases including information available in other
Italian regions, the proposed algorithm could be tested to
obtain population-based prevalence estimates of MS in
different areas of the country and to analyze geographic
differences as in the case of other chronic diseases [38].
Acknowledgments Multiple Sclerosis Study Group, Lazio Region:
Nera Agabiti, Anna Maria Bargagli, Silvia Cascini, Paola Colais,
Marina Davoli, Flavia Mayer (Department of Epidemiology, Lazio
Regional Health Service, Rome, Italy). Manuela Giuliani, Donatella
Gramaglia, Carlo Pozzilli (S Andrea Hospital, Sapienza University,
Rome, Italy). Chiara De Fino, Gaspare Guglielmi, Massimiliano
Mirabella, Viviana Nociti (Fondazione Policlinico Universitario A.
Gemelli, Catholic University, Roma). Fabio Buttari, Diego Centonze,
Maria Teresa Di Natolo (Tor Vergata University and Hospital, Rome,
Italy). Simonetta Galgani, Claudio Gasperini, Esmeralda Quartuccio
(S Camillo Forlanini Hospital, Rome, Italy). Marta Di Folco, Ada
Francia, Simona Pontecorvo, (Umberto I Hospital, Sapienza Univer-
sity, Rome, Italy). Graziella Filippini (Fondazione IRCCS Istituto
Neurologico Besta, Milan, Italy).
Compliance with ethical standards
Ethical standards The Department of Epidemiology of Lazio
Regional Health Service is the regional referral center for epidemi-
ological research and has full access to anonymized health informa-
tion systems. Consent was not necessary because the authors used
data already collected at the beginning of the study and the data were
analyzed anonymously through a standardized methodology accord-
ing to the national privacy law (national legislative decree on privacy
policy n. 196/30 June 2003). Individuals cannot be identified directly
or through identifiers and results are shown in aggregate form.
Additionally, this study was approved by the Institutional Review
Boards at each of the centers who provided patients’ information to
validate the algorithm based on health administrative data.
Conflicts of interest The authors declare that they have no conflict
of interest.
Funding This research was supported by the Lazio Region Phar-
macovigilance call 2011 [Project code 85E11000030005].
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
References
1. Naci H, Fleurence R, Birt J, Duhig A (2010) Economic burden of
multiple sclerosis: a systematic review of the literature. Phar-
macoeconomics 28:363–379
2. Wade BJ (2014) Spatial analysis of global prevalence of multiple
sclerosis suggests need for an updated prevalence scale. Mult
Scler Int. doi:10.1155/2014/124578
3. Browne P, Chandraratna D, Angood C, Tremlett H, Baker C,
Taylor BV, Thompson AJ (2014) Atlas of multiple sclerosis
2013: a growing global problem with widespread inequity.
Neurology 83:1022–1024
4. Kingwell E, Marriott JJ, Jette´ N (2013) Incidence and prevalence
of multiple sclerosis in Europe: a systematic review. BMC Neurol
13:128–141
5. Cocco E, Sardu C, Massa R, Mamusa E, Musu L, Ferrigno P,
Melis M, Montomoli C, Ferretti V, Coghe G, Fenu G, Frau J,
Lorefice L, Carboni N, Contu P, Marrosu MG (2011) Epidemi-
ology of multiple sclerosis in south-western Sardinia. Mult Scler
17:1282–1289
6. Nicoletti A, Patti F, Lo Fermo S, Messina S, Bruno E, Quat-
trocchi G, Laisa P, Cilia S, Mostile G, Marziolo R, Scillieri R,
Maimone D, Zappia M (2011) Increasing frequency of multiple
sclerosis in Catania, Sicily: a 30-year survey. Mult Scler
17:273–280
7. Gajofatto A, Stefania A, Turatti M, Bianchi MR, Lira MG,
Moretto G, Salviati A, Benedetti MD (2013) Prevalence of
multiple sclerosis in Verona, Italy: an epidemiological and
genetic study. Eur J Neurol 20:697–703
8. Puthenparampil M, Seppi D, Rinaldi F, Federle L, Calabrese M,
Perini P, Gallo P, The Multiple Sclerosis Epidemiology Veneto
Study Group (MuSEV) (2013) Increased incidence of multiple
sclerosis in the Veneto region, Italy. Mult Scler 19:601–604
9. Granieri E, Economou NT, De Gennaro R, Tola MR, Caniatti L,
Govoni V, Fainardi E, Casetta I (2007) Multiple sclerosis in the
province of Ferrara: evidence for an increasing trend. J Neurol
254:1642–1648
10. Solaro C, Ponzio M, Moran E, Tanganelli P, Pizio R, Ribizzi G,
Venturi S, Mancardi GL, Battaglia MA (2015) The changing face
of multiple sclerosis: Prevalence and incidence in an aging
population. Mult Scler [pii: 1352458514561904]
11. Totaro R, Marini C, Cialfi A, Giunta M, Carolei A (2000)
Prevalence of multiple sclerosis in the L’Aquila district, central
Italy. J Neurol Neurosurg Psychiatry 68:349–352
12. Millefiorini E, Cortese A, Di Rezze S, Barletta G, Bellantonio P,
Batocchi AP, Di Battista G, Fiore S, Gasperini C, Grasso MG,
Koudriatseva T, Totaro R, Durastanti V (2010) The prevalence of
multiple sclerosis in central Italy. Mult Scler 16:1432–1436
13. Grasso MG, Frontoni M, Paolucci S, Nocentini U, Ferro S,
Pozzilli C (1997) Prevalenza della Sclerosi Multipla a Roma: una
applicazione dei metodi di cattura e ricattura. Nuova Rivista di
Neurol 7:187–191
14. Bellantonio P, Iuliano G, Di Blasio F, Ruggieri S (2013) Preva-
lence and incidence of multiple sclerosis in Campobasso (Molise
region chieftown, southern Italy). Clin Neurol Neurosurg
115:1806–1808
15. Iuliano G, Napoletano R (2008) Prevalence and incidence of
multiple sclerosis in Salerno (southern Italy) and its province. Eur
J Neurol 15:73–76
16. Poser CM, Brinar VV (2007) The accuracy of prevalence rates of
multiple sclerosis: a critical review. Neuroepidemiology
29:150–155
17. Culpepper WJ, Ehrmantraut M, Wallin MT, Flannery K, Brad-
ham DD (2006) Veterans Health Administration multiple scle-
rosis surveillance registry: the problem of case-finding from
administrative databases. J Rehabil Res Dev 43:17–24
18. Ho¨er A, Schiffhorst G, Zimmermann A, Fischaleck J, Gehrmann
L, Ahrens H, Carl G, Sigel KO, Osowski U, Klein M, Bleß HH
(2014) Multiple sclerosis in Germany: data analysis of adminis-
trative prevalence and healthcare delivery in the statutory health
system. BMC Health Serv Res 14:381–393
758 J Neurol (2016) 263:751–759
123
19. Marrie RA, Yu N, Blanchard J, Leung S, Elliott L (2010) The
rising prevalence and changing age distribution of multiple
sclerosis in Manitoba. Neurology 74:465–471
20. Palmer AJ, Hitchens PL, Simpson S, O’Leary B, Colman S,
Taylor BV (2013) A novel method for calculating prevalence of
multiple sclerosis in Australia. Mult Scler 19:1704–1711
21. Widdifield J, Ivers NM, Young J, Green D, Jaakkimainen L, Butt
DA, O’Connor P, Hollands S, Tu K (2015) Development and
validation of an administrative data algorithm to estimate the
disease burden and epidemiology of multiple sclerosis in Ontario,
Canada. Mult Scler 8:1045–1054
22. Di Domenicantonio R, Cappai G, Arca` M, Agabiti N, Kohn A,
Vernia P, Biancone L, Armuzzi A, Papi C, Davoli M (2014)
Occurrence of inflammatory bowel disease in central Italy: a
study based on health information systems. Dig Liver Dis
46:777–782
23. Cascini S, Agabiti N, Antonelli Incalzi R, Pinnarelli L, Mayer F,
Arca` M, Fusco D, Davoli M (2013) Pneumonia burden in elderly
patients: a classification algorithm using administrative data.
BMC Infect Dis 13:559–567
24. Italian National Institute of Statistics. Demography in figures.
http://demo.istat.it/pop2012/index.html
25. Jenks George F (1967) The data model concept in statistical
mapping. Int Yearb Cartography 7:186–190
26. Melcon MO, Correale J, Melcon CM (2014) Is it time for a new
global classification of multiple sclerosis? J Neurol Sci
344:171–181
27. Bergamaschi R, Montomoli C, Candeloro E, Monti MC, Cioccale
R, Bernardinelli L, Fratino P, Cosi V, PREMS (Pavia REgister of
Multiple Sclerosis) Group (2006) Bayesian mapping of multiple
sclerosis prevalence in the province of Pavia, northern Italy.
J Neurol Sci 244:127–131
28. Solaro C, Ponzio M, Moran E, Tanganelli P, Pizio R, Ribizzi G,
Venturi S, Mancardi GL, Battaglia MA (2015) The changing face
of multiple sclerosis: prevalence and incidence in an ageing
population. Mult Scler J 21:1244–1250
29. Sardu C, Cocco E, Mereu A, Massa R, Cuccu A, Marrosu MG,
Contu P (2012) Population-based study of 12 Autoimmune Dis-
eases in Sardinia, Italy: prevalence and comorbidity. PLoS One
7:e32487
30. Hirst C, Ingram G, Pickersgill T, Swingler R, Compston DA,
Robertson NP (2009) Increasing prevalence and incidence of
multiple sclerosis in South East Wales. J Neurol Neurosurg
Psychiatry 80:386–391
31. Pinnarelli L, Nuti S, Sorge C, Davoli M, Fusco D, Agabiti N,
Vainieri M, Perucci CA (2012) What drives hospital perfor-
mance? The impact of comparative outcome evaluation of
patients admitted for hip fracture in two Italian regions. BMJ
Qual Saf 21:127–134
32. Vukusic S, Van Bockstael V, Gosselin S, Confavreux C (2007)
Regional variations in the prevalence of multiple sclerosis in
French farmers. J Neurol Neurosurg Psychiatry 78:707–709
33. Larsen JP, Riise T, Nyland H, Kva˚le G, Aarli JA (1985) Clus-
tering of multiple sclerosis in the county of Hordaland, Western
Norway. Acta Neurol Scand 71:390–395
34. van der Mei IA, Ponsonby AL, Blizzard L, Dwyer T (2001)
Regional variation in multiple sclerosis prevalence in Australia
and its association with ambient ultraviolet radiation. Neuroepi-
demiology 20:168–174
35. Orton SM, Wald L, Confavreux C, Vukusic S, Krohn JP, Ram-
agopalan SV, Herrera BM, Sadovnick AD, Ebers GC (2011)
Association of UV radiation with multiple sclerosis prevalence
and sex ratio in France. Neurology 76:425–431
36. Bjørnevik K, Riise T, Casetta I, Drulovic J, Granieri E, Holmøy
T, Kampman MT, Landtblom AM, Lauer K, Lossius A, Magal-
haes S, Myhr KM, Pekmezovic T, Wesnes K, Wolfson C,
Pugliatti M (2014) Sun exposure and multiple sclerosis risk in
Norway and Italy: the EnvIMS study. Mult Scler 20:1042–1049
37. Ascherio A, Munger KL, Simon KC (2010) Vitamin D and
multiple sclerosis. Lancet Neurol 9:599–612
38. Gini R, Francesconi P, Mazzaglia G, Cricelli I, Pasqua A, Gallina
P, Brugaletta S, Donato D, Donatini A, Marini A, Zocchetti C,
Cricelli C, Damiani G, Bellentani M, Sturkenboom MC, Schue-
mie MJ (2013) Chronic disease prevalence from Italian admin-
istrative databases in the VALORE project: a validation through
comparison of population estimates with general practice data-
bases and national survey. BMC Public Health 13:15
J Neurol (2016) 263:751–759 759
123
